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. ABSTRACT
N6f—2728D RAC 21
This is a final report describing the development and use of &
computer solution of hydrostatic bearing problems with consideration
of the effect of variable film thickness. The basic equations, numerical
approximations, method of solution, numerical treatment and Fortran
Program are prescnted along with instructions on the uszs of the program

. and a sampla problom,
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INTRODUCTION

The increasing demands for bearings to support heavy loads have
caused the development of hydrostatic lubrication to proceed at an
accslerated pace. This was accompanied by a need for more sophisticated
analysis of bearing characteristics. For some years hydrostatic bearings
have bcen analyzed by techniques that fell short of a rigorous analysis.
This was because of the impossibility of producing by hand an exact
analytical solution and, therefore, the necessity for resorting to

techniques yiclding approximate results, e.g., the electric analog.

One of the major shortcomings of the conducting-sheet electric-
analog is its inability to treat problems involving non-uniform film
thicknesses. These problems can often be adequately treated by numerical
integration techniques, the utilization of which is only hampered by the

. extremely lengthy and tedious calculations they require. However, the
recent development of high speed digital computers has eliminated this
drawback, and numerical integration techniques are at present quite

feasible,

In the case at hand, hydrostatic bearings are to be designed for
the support of a large radio telescope antenna. A number of rectangular
pads will transfer the load of the moving superstructure through the
prossurized film of oil to a stationary member on the concrete base.

While at first glance the analysis of the bearing (flat slider) appears
to offer no problem; in reality, the unit loads are high enough to give
rise to non-negligible distortions of the bearing members thus regquiring

the treatment of variable film thicknesses.

The Franklin Institute has developed a computer program for
tho evaluation of pressure distributions, loads, moments, and flows in

a hydrostatically-lubricated, rectangular bearing-pad with four or six
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symmetrically placed rectangular recesses. The lubricant is to be
incompressible, the clearance non-uniform, and the fluid supply one of

three specified types:

1., Separate pumps feeding each recess.

2. Separate pumps feeding pairs of recesses with
capillary compensation.

3. Common reservoir feeding all recesses with
capillary compensation.
This report contains details of the hydrodynamic equations
used to analyze the problem, of the numerical technique used for solution,
and of the Fortran Program executing the solution complete with block
diagrams and flow charts. A guide chart is furnished complete with all
the information necessary for using the program and compiling the ap-

propriate input data cards. A sample problem complete with output is
also furnished.

BASIC EQUATIONS AND NUMERICAL APPROXIMATIONS

Utilizing the usual lubrication approximations for a continuous
film bearing operating with incompressible lubrication, Reynolds Equation
is taken to govern the pressure distribution in the clearance space. For
bearings with negligible amount of relative motion, Reynolds Equation
assumes the following formi*

For a bearing of rectangular geometry the length of one of the
sides can be used as a characteristic length (say L). Then the following
dimensionless quantities can be defined in an x-y rectangular coordinate
system:

*Analysis and ILubrication of Bearings, Shaw and Macks, Magraw-Hill, 1949.
¥
y

%
§




THE FRANKLIN INSTITUTE « Laboratories for Research and Development

F-B2015

where ¢ is a characteristic filmffhickness, P is a reference pressure,
1 is the ambient pressure, and h and p refer to film thickness and

pressure respectively at location (x,y).

Reynolds equation now assumes the form

2 .2
3% %P\ 3 3 B3P, B 3R\ _ ‘
(ax2 * ay2) il (ax 3 T3y ar) O (2]

Three types of bearing feed will be used:

(a) Specified flow to each recess as given by a positive
displacement pump feeding the recess.

(b) Specified total flow to pairs of diametrically
opposite recesses as fed by a single pump through
capillary compensation.

(c) Single reservoir with specified supply pressure
feeding all recesses through capillary compensation.

METHOD OF SOLUTION

Due to the linearity in P of Equation [2] it is possible to use
the method of superposition. Namely, component solutions, Pj(X,Y), were

obtained corresponding to a value of the dimensionless pressure equal to
-.th
J7r

1 in the ecess and O in all other recesses and at the free boundary.
Then the pressure distribution, P(X,Y), corresponding to any operating

conditions is expressible as the linear combination

-3 -
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P(X,Y) = Ta. P, (XY) (3]
s d
J
where the aj is a dimensionless number representing pressure in the jth
recess, Moreover, if the dimensionless flow, Qi" out of the ith recess
corregsponding to the jth component solution (jth recess pressurized) is
computed, the dimensionless flow Q; 5 out of the ith recess when the

pressure distribution P(X,Y) exists is,

qi=20.j Qs . (4]

Integration of the pressure distribution and evaluation of the
moments of the pressure distribution with respect to two non-parallel
axes (say X and Y) produces the total load (W) and the location

of the center of pressure (£, M) in the following manner (see Nomenclature):

W= ff PJ.(X,Y) dXdyY (5]

P_;I(X,Y)X dxay

Ej = Wj (No Summation) (6]
P.(X,Y)Y dXdY
n. = 8 (No Summation) (7]
J Wj
W = 'Z?G.J. Wj (8]
J
a. £, W.
g = p —ld [9]
J
., M. W,
n = Z_J_J_lw [1o]
J
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The attractive feature of the method of superposition is that
a given set of component solutions can be utiliged with any number of
feeding methods as long as the bearing geometry is not altered. The
computer program is equipped to take advantage of this feature. Specifi-
cation of the values of the pertinent parameters in the feeding equations
leads to the determination of the appropriate values of the coefficients

a..
J

In correspondence to the three feeding methods under consideration

the determining equations are:
(1) Specified flow to each recess:

It is necessary to solve the system

qi=;aj Qij i= 1, .....N (111
J 3= 1, v....N
where
= = specified quantities (dimensionless)
Qij = known guantities from component solutions (dimensionless)

Equations (11) form a non-homogeneous system of N algebraic equations in
N unknowns (where N is the number of recesses) which can be solved by

conventional methods.,
(2) Specified flow to pairs of recesses with capillary compensation,

The following equations hold:

) = g +aq, [12]

QQQ(z) a3 *q, [13]
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QQQ(B) = a + g } only for N =6

aQ = fz(p(l)—az)
a3 = f3(p(2)-a3)
Y fn(p(Z)‘an)
.
a5 = 25600
@ - fé(p(B)-o.é)J
q = ? oy Q, % - 1

j=

The system of 2.5N equations [12] through
unknowns qi’"aj=i(i= 1,..N), p K) (X =1...N/2) and

conventional methods. The quantities QQQ(K) (X =1...N/2) are specified

and the fi’s are known characteristics of the N capillaries.

(3) Common reservoir with specified pressure and capillary feed to

each recess.,

The following equations hold

C .

r only for N = 6

[21] has 2.5N

can be solved by

(14 ]

[15]

(161

(17]

(18]

(191

[20]

[21]

[22]

(23]
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This system of 2N equations in the 2N unknowns Q; and aj=i
(1 =1, ...N), can be easily solved by conventional methods.

NUMERICAL TREATMENT

Equation [2] is approximated by numerical methods with the
adoption of "three point, central difference" formulae. Thus the bearing
area is divided in K * M rectangular elements. The pressure distribution

is represented by its values at the node points of the resulting grid.

The coordinates of the nodal points are

X-k = (i - l) AX: [21&]
T = (5-1) Y. [25]
‘ where i and j represent the number of K and M increments respectively

along the X and Y axes., (Note that this use of i and j differs from the

use of i and j as recess locations).

For the pressures

Pk,m = P(X] ,Ym>, [26]
P - P
+ 5 -
g;’ - i 2 J i-1, hy [27]

b, ¥
m
+ .
2p, _Tit1, "%, 3o ]
ol 5 , (29
<

Xy y M

k™m
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oY AY

fim

Equation (2] vecomes

P, . t P, . P, - P, .
i+l J i-1,3 1, j+1 1,.1—1_2Pij(_1_+_;_)
2

NG N NG o
' (31]
+L<Pi+1,j“Pi—lljﬁ B, a+1 -, 3-10m o
H 2BX 3 DTN 3Y
kJm XkYm XkYm
which is solved for Pk
, o
(evaluated) 1
i, m 2(1+a) [Pi +1, 5 7o 1y {Pi +1, 5" %1 -1, j}

HX, .y +a<P. . . +P ., . +(P. .. . =P | .
(1,:]) OL{I,Jﬂ“l Pl,J-l (P1,3+l P1,3-1>(Hyl,j>}]

q = Y Pad Dimension
X Pad Dimension
where
oH AX
HX. . = 1.5 <=
i oX|. . H. .
> 1,] 1,3
— SH AY
BY 5 L53%|. . H .
1,J 1,J

Starting with an assumed pressure distribution, a value of the

C

pressure Pk o at a grid point is evaluated in terms of the pressure at the
3

four immediately neighboring points.

-8 -
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Assuming
. (evaluated) (o01d)
= + -
Pk,m YPk,m @ - Pk,m

(32]

to be a new pressure distribution, the process is repeated until negligible

changes are predicted by any one iteration. Y is called a "relaxation
factor" and its magnitude sets the rate of growth of the pressure dis-
tribution. Limiting the value of y is the well known phenomenon of

numerical instability.

For excessive values of Yy the rate of growth can be seen to
increase steadily in time thereby indicating lack of convergence of the
iteration. The occurrence of this phenomenon is internally detected
and is automatically eliminated by successive reduction of the value of
Y by the factor 0.8, The initial value of Y = 1.5 was revealed to be
overly-optimistic, and the staff of The Jet Propulsion Laboratory is
advised to adopt a value of 1.1 in order to avoid waste of computer time

in unstable iterations.

COMPUTER PROGRAM

The computer program is functionally separated into the
following four sub-programs.
(1) Subroutine FORMH
Generation of the clearance distribution either
by evaluation of appropriate analytic function
or by direct input.

(2) Subroutine TILTH

Tilting of clearance distributions already existing
in core storage by any specifiable amount,
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Subroutine REIN

Generation of the component solutions P, (X,Y) and the
corresponding values of the loads Wi, cinter of
pressure coordinates £j, and N3, and flows Qi,je

Subroutine FLOW

Matching of the component solutions with the feeding
equations and evaluation of the corresponding pressure
distribution P (X,Y), load W, center of pressure co-
ordinates € and M, and flows out of each recess q3 for
any specified feeding conditions.

The program is such that for any given clearance distribution

the loading and moment conditions corresponding to several feeding methods

can be evaluated by repeated direct entry into part (4). It is also

possible

to make available to the computer the essential results of

component solutions Wj, €35 ﬂj, Qi,j by direct input, so that new

feeding conditions can be studied in combination with component solutions

obtained

during a previous group of runs.

The internal generation of the clearance distribution is executed

by a function of the following type.

Define X = XO =5 where Xo = A22
T-Y =t Y, = A
2 2 3
X,Y) = + + AL+ + + A,st +
,Y) Al A2s A3 Ahs A5t Aé A7s

3 2 2 2 2
+ + + + +
A8t Ags t AlOSt + All “\/AIZ AlBS Alht

+ Al5 cos (A165> + Al’? cos (Alst) + A19 cos (Alés) cos (A18t>

-A, X

= A e 2L cos (Ale)'+ e (%)

“Aoy
20

cos (A21/2)

- 10 -

cos [A2l(l - X)] _ 28“A21/2

[33]
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The inclusion of the part of the preceeding expression

containing the coefficients A, and A, was motivated by the results

20 21
of analyses of the deformation of a beam on elastic foundations under

a uniformly distributed load over a finite regioni®¢,

The constants A. . and A are defined as,

20 21
A = load per unit length
20 2kc

21

where

4
~Jk7h EI

It should be noticed that these terms detract from any clearance

>
Il

distribution given by the remainder of the formula an amount equal to the
difference between the deflection at the center and the deflection at any
point. It is also the task of FORMH to compile an internal tabulation

of the derivatives of the clearance distribution necessary for the

solution,

Subroutine TILTH acts by the use of the following formula:

H(X,Y) = H1<X1,Yl) + Tx(x - Xl) + Ty (Y - Yﬁ (341

#*#M, Het'enji, Beams on Elastic Foundation, The University of Michigan
Fress,

- 11 -

‘{/
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This corresponds to saying that the line,

- + - =
Tx X Xl Ty Y Yl 0

is the hinge and that the bearing is tilted in space by an amount,

This feature is particularly useful in the evaluation of restoring

moments corresponding to misalignments. The use of TILTH is optional.

In the use of subroutine REYN, it is important to adopt an
appropriate value of the truncation constant (TRUNC). Indeed, a large
value of TRUNC will accept component solutions that are only a rough
approximation to the asymptotic solution, whereas, exceedingly small

values of TRUNC will result in wastefully long computation time.

A sample of the behavior of the iteration procedure is given
in Figure 1, suggesting that a desirable value of TRUNC should be in
the range of 0.,00015 to 0.00030. Internally TRUNC is matched against
the total growth of the component pressure profile in one iteration
averaged over the total number of active grid points. If the growth is
less than the specified value of TRUNC, the iteration is terminated and

the solution accepted.

It was mentioned previously that the value of the relaxation

factor v is internally adjusted to cope with numerical instability.

However, if persistent occurrence of this phenomenon forces the adoption

of a value of vy lower than 0.16, subroutine REYN abandons the solution,

and a note to this effect is introduced in the output tape.

- 12 -

(35]
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17

16

15

14}

3r

2~

e

10

SAMPLE CONVERGENCE -TRUNCATION DIAGRAM

2 $ cls é 10 12 /;3 /2; _/3 2102'2 2I4 2.6 319 32)3:2‘3143.631842)412
DECRIMENTAL STEPS

- 13 -
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Use of subroutine REYN requires the specification of the
quantity’LITERo Termination of the iteration is forced whenever a number
of iterations equal to LITER have been performed regardless of the
truncation criterion. As presently set up, the program will allow a
valge of LITER up to 300. If larger values become desirable, the
dim%nsion of PROG in subroutine REYN should be altered to the maximum
value of LITER.

The operation of subroutine FLOW is controlled by the specifi-
cation of NCASE which, assuming one of the values 1, 2, 3, indicates the
adoption of the first, second, or third feeding method respectively.

The quantity IOUT enables the user to obtain the pressure and
clearance profiles on the output tape (IOUT =1). A value of IOUT
different from 1 specifies that output of those distributions is not
desired.

The following information will be useful in handling the

quantities used in subroutine REYN.

Eqguation Symbols Fortran Symbols Definition
2
W w (1) w/L (Pr - Pa>
§j csI (I) Xi/i (See Nomencl.)
nj ETA (I) Yi/& (See Nomencl.)
Tl 1
Q, Q@ 9 YT
J ' T a.
(flowz §12H2
q. QQ (1) -
1 Pr = Py
K 1
Q™) 0QQ (K) flow) 12
Pp = Py
a
£ FF (I) 0.2945 ——
Cl
P-P
() PR ——a
i Pr =Py

- 14 -
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Subroutine FLOW makes use of a FUNCTION subprogram (FUNCTION

DETER) in order to evaluate 4 x 4 or 6 x 6 determinants.

The utilization of the above mentioned sub~programs in the
solution of specific problems is coordinated by the MAIN program.
Specification of the quantity NSWICH instructs the program to solve one

of five possible problems:

NSWICH = 13 CALL EXIT

NSWICH = 2; Solve flow problem only with read in values of

W, . . . e
37 By My 4y

NSWICH = 33 Solve new flow problem with component solutions
already existing in core storage.

NSWICH = 43 ZEntirely new problem.

NSWICH = 53 Tilt clearance distributions existing in core

‘ storage and solve resulting problem.

In the event NSWICH = 2, the quantity NIMJ should be specified
to inform the computer of the number of recesses in the pad under

consideration.

Appendix I contains a block diagram of the entire program, the
detailed flow charts, Fortran instruction listings, and IBM 7090

—— e

FORMH, DETER).

Appendix II contains the loading record for use with an IBM
7090, This information is essential if the allowable grid size of
67 x 45 is to be extended.

- 15 .
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USE OF THE PROGRAM AND SAMPLE PROBLEMS

A1l the information necessary for complete utilization of the
program is contained in the input guide chart presented in Appendix III.

As an illustration of its use, consider the following problem.

A flat bearing pad of dimensions 60 x 40 inches contains four
symmetrically spaced recesses fed by a constant pressure reservoir
through equal capillaries. Find a relation between flow, load, and
clcarance and evaluate the flow necessary to maintain a clearance of
0.005 inches under a load of 1.5 million pounds. Evaluate the restoring
moment caused by tilting the pad so that the clearance at one end of its

major dimension is one third of the clearance at the other end.

The necessary input required is compiled through the use of the
input guide chart (Appendix III). A grid size of 30 x 20 (K - M) was
chosen for this particular case. Both the input data and output results

are shown in Appendix IV.

The output consists of a condensed result page and a listing
of the pressure and clearance distributions over the grid. The condensed
output page contains:
(a) A run number chosen to be 9005 and 9006 for this case.

(b) Title containing information on the number of recesses
and feeding metheds.

(¢) A digit array representing the configuration of the grid
with the following code:

0 - External boundary point.
1 - Recess point,

2 = S5Sill point.

- 16 -
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(d) Values of the essential results of the component
solutions.

(¢) Final results.

The results show a total dimensionless load of 0.3207.

Therefore;
—d— = 0.3207
(P - Pa)L
r .
and, since L = 60 inches,

P, -P = load/1154.52

Now, the dimensionless flow

From the results @ = 13.485

therefore

Flow _ _(13.485) o
Load 12u (1154.52)

Adopting a value of W of 30 x 107 Reyns,

3

Flow _

Toad 32.445 C

This relation is graphically illustrated in Figure 2., It is
seen that a clearance of 0.005" will be maintained under a load of 1.5
x lO6 pounds if a flow of 6.1 in3/seq or 1.59 gal/min. is provided. This

corresponds to

- 17 -
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SAMPLE PROBLEM
LOAD, FLOW, CLEARANCE RELATION
LEGEND
[ UNIFORM CLEARANCE
TILTED
N : ,
¥ &
] g /
/0 /o /Ooq’ /7
i /] / /8 //
I\ /3
i P
/ / / /08
L /S p >
Y/
. / )/ / & oA../
I s =
/ / / / —
177 = .
11/ - = 20002 —
_ e
i 2 3

LOAD x 10€ (Ibs.)

- 18 -
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- — _load - .
Pr =P T Tig,.5p ~ 1300 psi

Therefore the pressure in each recess is

P = 0,7191(Pr - Pa) = 93,.8 psi

The reservoir pressure is

Pf = 1 x 1300 = 1300 psi

The reservoir pressure can be altered to any desired value by appropri-

ate choice of capillaries without further machine solution.

Run 9006 gives a solution to the same problem with the required
amount of tilt. The flow vs. load results are plotted in the same
Figure 2 with dashed lines. Assuming that the flow remained at its

value of 6.1 in3/sec, the clearance assumes the following distribution:
0.002412" at one edge
0,004824" at the center
0.007236" at the other edge.

Meanwhile, the center of pressure has moved from the center to

a position
(0.5 - 0.4507) (60") = 2.958 inches from the center,
thus creating a righting moment of 370,000 ft-lbs about the center
12

The flows out of each recess are not equal and are distributed as follows:

(g_gﬁg x l.5x 106), The reservoir pressure climbed to 1336 psi.

(—'L%z- (6.1) = 0.829 in’/sec

th

ct

A

out of the recesses he narrow clearance, and

- 19_
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233 - .3
(lh.6h3> (6.1) = 2.22 in’/sec

out of the recesses with the wide clearance,

It can be said in general that if the applied load is known,

the relation

P - P = applied load
total dimensionless load x L2

determines the "pressure units". All dimensionless pressures should be
miltiplied by this value of Pr - Pa in order to acquire dimensional

meaning.

The relation

' 3
. . P -P C
Flow = (dimensionless flow) ( T a

12 u

should be used as the basis between flow and clearance to be adopted for
the bearing under consideration. These criteria are valid regardless

of the feeding method so that further examples are not deemed necessary.

"~ COMMENTS

It will be remembered that the originally proposed technique
of solution (Franklin Institute Proposal No. 4105GS) consisted of
simﬁifaneous relaxation of the pressure profile and the feeding problem.
Therefore, the technique presented in this report departs from that

originally proposed.

It is felt that the originally proposed double relaxation
technique would be approximately 2.5 to 3 times faster than the super-
position technique for any one problem consisting of a particular
combination of clearance distribution and feeding conditions. t should
be noted, however, that a complete solution 1s necessary each time either

the feeding conditions or the clearance distribution is changed. On the

- 2 -
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other hand, the superposition technique allows the evaluation of a new
solution corresponding to a change in feeding conditions only. Hence,
a relatively negligible amount of time is required to obtain solutions

for different clearance distributions using the superposition technique.

The choice between the two methods is dependent on the
particular purpose of the requested program. In the judgment of The
Franklin Institute, the Jet Propulsion Laboratories specified their
problem in a manner which would indicate a definite advantage in the
use of the superposition technique. Consultation of cognizant Jet
Propulsion Laboratories personnel resulted in the adoption of the super-

position technique.

The program was written and tested first on the IBM 7074 at
the IBM Datacenter in Philadelphia and second on an IBM 7094 at the Jet
Propulsion Laboratories in Pasadena, California. The clearance generation,
the iteration of Reynolds equation and the flow computations were all
hand checked to the best of our knowledge and a number of sample results
have been found to yield bearing characteristics in good agreement with
those made evident by practical experience. In the judgment of the
Franklin Institute personnel all the goals set forth in the work proposal

EJ . G. Hinkle

Project Engineer

have been achieved by this program.

Approved by:

ey e W L poulany

W. W. Shugarts, Jr., Manager N. R. Droulard
Friction & Lubrication Laboratory Technical Director

77 focfon

Director of Laboratories

._21_
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NOMENCLATURE

clearance coefficients

Youngs Modulus (psi)

dimensionless
the number of
length of pad
the number of
dimensionless
dimensionless
dimensionless
dimensionless

[:§f10w2 (124)

3
p.-p, C

film thickness = h/c
grid cells in the X direction
in the X direction

grid cells in the Y direction

pressure p - pa/ P. - P,
reservoir pressure
pressure at grid point i,

flow known from component solutions

]

Fortran name of total flow out of recess 1

Fortran name of total flow-out of Kth

dimensionless
dimensionless
dimensionless
dimensionless
dimensionless

dimensionless

pair of recesses
tilt components in X direction
tilt components in Y direction
2
load [w/L (pr - pa>:l
load of the jth component solution

X~-coordinate (x/L)

y-coordinate (Y/L)

a characteristic film thickness, (in.)

capillary diameter (in.)
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I

NOMENCLATURE (Cont 'd)

capillary flow factors = 0.2945

film thickness, (in.)
grid index

grid index

F-B2015

modulus of the foundation (lb/inB) as defined in reference¥¥*

capillary length (in.)
pressure, (psia)
ambient pressure, (psia)

reference pressure, (psia)

dimensionless flow out of the ith

_ 3

[ (flow) (lZ}.l)/(pr pa ¢’ 7
X ~-X

o
Y-X

0
load, (1bs)
cartesian coordinate, (in.)
cartesian coordinate, (in.)
AL
ratio of y and x pad dimensions

dimensionless recess pressure

recess

slope of tilted pad in h, x, ¥y space

relaxation factor governing pressure distribution growth

1/K
a(M3(§>

- 23 -
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F-B2015
NOMENCLATURE (Cont'd)

= dimensionless Y coordinate of center of pressure
th

dimensionless Y coordinate of center of pressure for i
component solution

b k
LEI

= viscosity coefficient (reyns)

= dimensionless X coordinate of center of pressure
th

dimensionless X coordinate center of pressure for i
component solution

_24_



THE FRANKLIN INSTITUTE . Laboratories for Research and Development

F-B2015
APPENDIX T

PROGRAM BLOCK DIAGRAM

MAIN SUBPROGRAM

Fortran Instruction Listings
IBM 7090 Compilation Records
Flow Chart

FLOW SUBPROGRAM
Fortran Instruction Listings
IBM 7090 Compilation Records

Flow Chart

REYN SUBPROGRAM
Fortran Instruction Listings
IBM 7090 Compilation Records

Flow Chart

FORMH SUBPROGRAM
Fortran Instruction Listings
IBM 7090 Compilation Records

Flow Chart

TILTH SUBPROGRAM
Fortran Instruction Listings
IBM 7090 Compilation Records

Flow Chart
FUNCTION DETER SUBPROGRAM
Fortran Instruction Listings

IBM 7090 Compilation Records
Flow Chart
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TILTH

JPL  VARIABLE FILM HYDROSTATIC BEARING PROGRAM - - BLOCK  DIAGRAM

DIMENSION @ H, HX, HY

COMMON : KK, MM, DX, DY; H , HX, HY
: START

READ INPUT TAPE 5
XI, YI, TX, TY

1
|
I
I
I
|
I

o
(o]
[{s]
(@}
—
[

I, KK

FI = I
X=(FI - 1.OODX — XI

e ———— —{ D0 s T -1, vm |

|

|

i FT = J

I Hui = Hoi + (000 + TY[(FRU - 1000Y) - v1 ]
| HXii = HXi,i + (TX) (15) (OX)

I Hi,s

! HY,; = HY,i + (TY) (.5)DY)

| Hii

|

|

F— = ——m—— — - - — - - — - __

| RETURN |

I-26



THE FRANKLIN INSTITUTE .« Laboratories for Research and Development

F-B2015

(040%040°G*T40%0%0%0°0*N*0*C*T)IONT
Ni¥Nni3y
CINNTLINDD
INNTLINID
IONTINDD
JANTINDD
INNTINID
IANTINID
3304d + ¥3133 = ¥313Q

N9IS- = NIIS

N9IS « (N*'9)V » (W'S)V = 00¥d- =003ud
LEBHLIN-W)IIT

%9 8 *%9 (N-T)dI

€9 ‘8 €9 (N-X)dI

29 ‘8 29 (N-r)dl

19 ‘8 19 (N-1}4dI

fAIN¢T = N 8 00

9 %6 *9 (W-1)dI

ES ‘6 ‘€S (W-N)dI

26 ‘6 28 (W-T) 41

16 ‘6 16 (W-1) JI

FWIT*T =W 6 00

01 01 29

N9ISs 0Q0¥d + ¥3133 = ¥3133
Siobiyb(H-rWIT) 41

NOJIS- = NOIS
(Ah)vein'e)ve(r2)ve(l*T)V = QJ¥d

€y ‘01 *ey (1)1
2% ‘01 ‘*2v (1-r)3al
Iy 01 ‘1% (1-1141
fAI1*1T = 1 01 0O
b STT 4% (- )41

FAIN*T = ¥ 11 24

B ) NOIS- = NOIIS
12 *Z1 *T12 (r=1) 41

INNTINDD

FAIT*T = ¢ 21 30

FAI3'1 = 1 €1 00

0°1- = N9IS

1 01 29

0*1 = N9IS

911 *00T ‘001 (Z - Z/FWIT) _dI
9°0 = ¥3130

(9°9)V NDISNIAID

1€ *11 41 (Od=1141.

£l
[
11
01
6
8

L
%9

29
19

9

€S
4]
19

by

£
Y
184

T

001

(FAIT%vIA313a NJTLINNS

(FWIT4v)¥3130 NITLONN4

I-27



F-B2015

THE FRANKLIN INSTITUTE e Laboratories for Research and Development

i o ) 9ZE00 S €1 . 9TE00 ¥y 21 . DI€2D €% 1.
Z0€00 2% o1 %1200 1% 6 €92C0 0% 8 Zyz00 Lt L LEZD0 9¢ %9
€200 S€ €9 1€200 %€ 29 92200 €€ 19 $1200 16 . 9 Z1230 o€ €5
L0200 62 rd 90200 82 1s 2L100 92 S S9100 42 vy 94120 12 £y
€100 02 ') GET00 61 18 %2100 L1 Y 12100 91 1€ $0TJ0 &1 €
€0100 €1 12 19000 01 r4 LS000 6 1 $5000 8 ot1 25000 9 031
201 NIT  N43 307 NJI  Nd3 . 307 Nd1 LEE 2 A0 NdT . Nd3 e .. 900 NJI . N43
SNOI1VI01 IVLI0 ONV SHIBWNN VINWYOJ TYNUILNI ONIONDJSIWN0D HLIIM SY3GANN vINWY0S TYN¥ILX3
€L200 L81  10€(3 09200 9L1  ¥0Z(3 LDEDD 661  T11(3
€2200 L81 10T(3 09200 9.1 ¥OT(3 LIE00 661 1T1(3 €L200 181 1(3 19290 €81 S(3
09200 9L1 _ ¥(3 = €9200 1€l _H(3__  __ _ O%100 96 (3 .. ... 00€00 261 __ AJ9(3 = _ _I0€2G €61 __ AJ%(Q
01200 %81 ~ 10¢c(a 1L200 s8T  102(d sT100 2L Lo1(q 11000 €9 so1(a SLEJO €52 602(2
$1€00 262 %02(2  €L€00 12 €02() ZLEOD 062  202(9 12600 6%2  132() ~ OLE30 8%2  002()
L9E00 %2  SOI(D 99%00 9%  YOIiD S9E00 S%2  €0T(D H9€00 ¥¥Z  221(3 €9€20 €%2 101D
29£00 Z%¥Z  00T(D _96€00 8€Z (6  0SE00 262 (9  95€00 0€2 (€ €E¥€00 122 (2
120 J3a 120 9730 120 23¢ 120 9739 193 933
WYY90¥d 3J¥N0S NI INIUV3IddV LON SIOOWAS ¥3IHLIO 304 SNOT1vVIDT
9LE0D #SZ  NOIS LLEOD 552 aoud 00%09 952  0QDYd 10%00 252 N Zovyno 852 W
€0%00 652 1 %0%00 092 N s0%00 192 90700 292 1 LO%J0 €92  ¥313Q

120 730 120 230 120 23¢ 120 2J3a¢ 122 033

INIWIALVLS IINTIVAINDT w0 *NOISNIWIO “NOWWOD NI ONT¥VIddY LON S319VIUVA ¥0d SNOILVIIT J9vuOLS

19%L2 1952¢ DI%00 %92
120 23g ; 133 933

WYY490¥d A9 A3SN LON 39VI0LS

(FATI14V)I¥3130 NOTLONNS

I-28



|agoya + 3130 =43130|

1

NOIS-=NIIS
(NOISX Sy “Sv)aota)- = =004

‘1

62-T

\ NOIS= = NOIS
%" "y Ny = g0Yd

[X4

v

‘NOISNIWIQ

[0k —1

_

I.J_

(|

||

||

| |

_

|

]

|

| |

|

| |

|

|

| !

|

__

N

| ]

H

I

|

bl

_.us:\hmoq_.._“

z}
Lrw7 9=1 g 0agle -1
1
Ol- = N9IS | 01t = N9IS |

o0,

Z
<< w7 |5
-t

0 = ¥3.l30
LHVIS

SENEL]

N OILONMNS




THE FRANKLIN INSTITUTE . Laboratories for Research and Development

F-B2015

APPENDIX IT

IBM 7090 LOADING RECORD

(Six Subprograms)

II



F-B2015

THE FRANKLIN INSTITUTE e Laboratories for Research and Development

o] o] 0 o] 0 6 9 Y 9 L
] 0 0 (o] 0 0 9L (2] 9
0 0 o] 0 0 881 0 zZ v S
- 0 0 R ¢ E R ¢ S o A 74 1 0 TV 1
SY0uY3I ONIQVY3IY ONIL1IYM INTAV3Y INTLIYM sav3y S3ILIYM 3dvl 3dv1
ININOILISOd SITINVANNGIY VIO SQ¥0334¥ 3ISION ) IviolL Iviot INTHIVW  TVITI90T
02¢ee 00000 €Z€€ (no1)
T 21622 {(w3x3)
01822 20000 Lyle2 Y AINYd(
¥6Hzz (2¥1y 7
H9€le {SoI)
€992 ) (Say)
R hhee (SumMy .
(X2 744 (¥sd)
949422 (33M)
T Ly%22 (MY}
05422 (113)
164922 (HDY)
_zshee _(431) o
TTTIeeZZ T T g0000 0 T T T ggHee (021)
Y4402 (HOI)
yL122 (314}
29902 20000 50222 (NLY)
1s€L1 - (801}
2eyLl o tex3)
e » T (4na)
0G€ELT 10000 G2ZYL1 (13%)
) 19211 (Y3am)
962l 21000 ozZell (J1M)
’ Lzt (¥3¥)
oreLt 10000 el (J0d) -
TUTTRLYEU T T 00000 eLTLT (D7S)
9611 00000 9STLT (11S)
€ETLY 20000 SETLT T {imy)
LXAA ¢ 20000 921L1 (133)
; ’ ’ z2oort o {HLS)
S00LT  (WHLS)
TTTRLEST 77790000 0 T T T TetoLlY (QH1S)
SHL91 (HS1)
LeLot 90000 1Y) ¢ T (WHS1)
19991 (915}
T 26991 © 10000 B Ao FA°) § (4IM)
19691 (8S1) o
05991 T1000 GEFST (47
%1991 00000 Y1991 140S
A i . - T -+
€2€91 00000 $2¢€91 NIS
§929T 60000 T T UTegeeY T (1dd)
49291 00000 9291 (s3i)
29291 11X3
9€291 10000 LEZIT dWOYY3
92961 TTTO0000 T T T Ee9st T ¥313a
TE191 L0000 Yy19p1 HWYO0d
e T 1 70 et
LSLO1 11000 1101 NA3Y
9TE00 11600 €E€E00 [T RF]
%100 11000 ss100 NIVW
OOV Qv0T T SYIISNYYL JO *ON  *QaV A¥INT T IWYN AMINI
NIS —T¥OS "y CEII " THTRT " ~ (018" (41§}
(YY), {11S) {9S1}) (13l (WH1S) 1IX3 (N1Y) {WHS1) {1MY) (1d3)

*AYVYdl 1 Wouwd a31SINDIY SINTINOYGNS 0L SINTOd AUINT

“Tb3ax .

II-1



THE FRANKLIN INSTITUTE . Laboratories for Research and Development

F-B2015

APPENDIX III

INPUT GUIDE CHART

I11




T-III
INNY L INVLISNOD NOILVONNYLl  §913
(0o > 0L LiWIT) =
Y3117 SNOILVY3ILI 40 ON WNWIXYW  GI 44 SV f HOd SHOLIV Ay Y pel39 “
AN3LINOD NOILYNYTX3 ~ L¥W40d NAZY IN3INGD NOLLYNYIXS . Lymweod auvd
devy 3o av3y : SQYVD OM1 av3y
A
AL ¢ _ ol 40 ) gs13
XL L SININOGWOD A ONV X3 §5i3 34 $S303Y ,) W04 SYOLIV AJVITIdvD 2139 _
1A Muuzéﬁd de«zm/é u_ww mm_w *DOY $3SS2)3y 40 HIvd M 40 LNO MO VLOL %2139 [
11X INIOd V 40 S31IVNIJYO0-0 " INTINOD NOILYNYIdX3 v
LNILINOD NOILYNVTdX3 ~  LVAYOA oLt d . _mmmuu omm,\uoqum
ddvd 3INO av3y
H1T11 00 SS3034Y 0 40 1NO MOI4 2139
3 IN3INOD NOLIWNVIdX3  LVWYO4
£ ] 1= B advd 3INO Qv3y
2 X3aNI
¢ 12 T 1
i 3SVON_OL 09
'QI¥9 3HL NI F1 INIOd 30
e JONYYY31D SSIINOISNIWLQ=(LDH
) SHOLOV4 ONILAdWNOD (wh=2 Qei=-1(e'D 1) av3y ouv> uid g1 39 oN 0g Y
v 3ONVYWVY3TD auvd ¥id 8I3G 40 NOILNI3X3 1YWYO4 e
SIN3ILNOD NOIIVNVIdX3  IVWYO4 ov 9 1N0I 9 3dVL NO S31U408d INVHVIT) ¢l
Sayvd & avay sadvo |\t T+ W) * | avay NV 3dNSS3dd 1N0 Lnd'l=
u YIOAY3S3Y NOWWOD ¢
3SYON S3SS303Y 40 SHIVd ONIJII4 SdWNd 2 21
_ [ ‘§8303Y HOV3 404 SAWNNd I1vdvd3s |
1= ] 1= NNYN YISWNN  NNY sl
| X3aNI IN3ILNOD NOILYNY Idx3 LYWNYOd
a i ayvd 3ANO avay
NOISNIWIQ avd X
awv o= NOISN IWIA GYd A 8913 MOT3
ZW €l - > —]
W £1 :
e AdLIN039 AVd 40 HOLIANS 3I3S €1 V) _ ‘SY3IHLO 17V NI O=d QaNV ¥2139
M €1 : . [ .
2 o1 . $$3034 ;L NI 1-d NIHM SSID39 2 40 1nO MO "o 4. CWIN
2 30N M{xh_ﬁ 3SN ION 00 1#] o "o | w2139
HIALL 3sn 1= o '$S03Y wl NI 1=d HO4 S3ILVYNIQHO-0D AIOUINITD A #2139 |
| x3an! MI 3LNdWOI _uw . A m '$S3034 ,, T NI t=d YO S3ILVYNIQYO-0D QIOYINID X %2139 [
H NI av3y I= : oy '$S303Y,, L NI 1-d W04 SavOT 2139 _
W (VHANOILIZYIG A NI STIVAYILNI 0 ON €I LN3LNOD NOLLYNV1dX3 1VNd04 Qdvd 40 ON
¥ (WERPNOILIFWIA-X NI STIVAJILNI 20 ON €1 (SAYvD LAIN+E) Qv3Id
IN3INOD NOILYNVIdX3 LVWYOS i
Qdvd 3INO gvay
+ —~ )
HWY04 | ] _ - NOTIVNIWY3L
» v lslelzT
- HOIMSN ('!*' %) 0L 09
(B4 ERb ] toi
w.:uMz w‘sjwu mﬂ._uu
Lo N LWIN i (2 =HOIMSN HLiIM AINO Q3SN 38 OL) S3SS3J3 40 ON 21
= ] ‘
g STias i NV - PWIN £ 3SVD, SNOIATYd 111l §
TU s 2w h . MINVIE = PAIN © W3190dd M3IN b
S I HDIMSN ANVTIE = PNIN “INTHOVW NI AQV3WTV NOILNIOS JISVS HLIIM W3180dd MOT4 MIN  3A10S ¢ i
; '$3SS303d 40 ON:LAIN AINO W37d0Wd MOT4 3NI0S 2
; .
INTLNOD x ANV PAIN 3AV3T) AVYOOYd  3ILVNIWWIL | IYWWOA
, NOILYNY dx3 Qyvd 3NO av3y

v

2C=n——

L IHVHO 34iINS 1NdNi




THE FRANKLIN INSTITUTE « Laboratories for Research and Development

F-B2015

APPENDIX IV

SAMPIE PROBLEM INPUT DATA
AND

OUTPUT RESULTS



BL|BL|LLI9LISLIPLIELITLITLIOLI6D |89 |L9]99]S9| Y9]S 29119{09 LS[9S|SSIYS|ES|SS|IS|OS[6Y BY|LY[O¥ SYI{PPIEY|ZY IV |0¥| 6E[8E|L € —ul«.lw. z)ez|oz|sziozfez]zzfizozlstfer|Ltfotlstfrt]erfar|it

F-B2015

OlQI OO
QIO QO
Q

QOO0
OO QIO O
e

QIO OIOIO

WIOIQIOQIQIO
VI IOIOIQQO

THE FRANKLIN INSTITUTE e Laboratories for Research and Development

6Li8Ll2L|9L|SL v EL(TL 12|04 69(89L9|99|59| ¥O|€9] TS| LS195] S| ¥S{ €S| TS| TS O 6¥[BY|L¥|9%|S¥|¥P|E¥ 2¥| 1¥] 0¥ 6€| 8] L emnnonnnﬂjuwaanuw!hucunnv«nNa«;oua_Sn—c-:::«—:

QOO ~| N

OOl ~1&
[+)

Iv-1

QOO0 QIO

-




THE FRANKLIN INSTITUTE e Laboratories for Research and Development

F-B2015

$8¢28°8
11120
Teve°1
8686°2

*NOTLVSNIIWOD "AdVITIdVI HIIM S3SS323¥ 1TV 9NIQ3I3d HIOAYISIY (°WIV 0C0°1

20 38068%€1°0
20 30000021°0

IT112°0- 1leve°l-
-~ 68Z8°8 8686°¢c—
- 8689°2- 6828°8
- Teve*1- T112°0-

MOd VIOL

€ECEO Vi3 000s°0
20 300000621°0 20 30000021°0 20 30000021°0
868G °Z— e SH94%°0 2202*0 §%9%°0
Teye 1~ b $982°0 GETIL® 0 GETL®O
1112*0- L4 STiT°0 S111°0 ST11°0
682889 =(F*1)D == FARS4 LE"E LE° €

0000000000000000060000060000C000
0Z22z2ezzeeezeeeeeeeeeeeeeezeen
0222222222222222222222222222220
'022¢2¢222zezezeeeeeeeeeeeeeeeeo
0ZZZTYTTITITTITICCSTITITITTITI112220
02Z2TTTITTITTIITIZ2ZITTITITTITIZ2EL0
OZZZTTTTITTTITITTIZZZITTITITITITTICCZ0

TPeézTTTTTITIITZZZITITIITITT1Z2220

0Z2ZTTTITTITITIZZZITITITI1112220
0222222222222222222722222222220
0222222222222222222222222222220
0222222222222222222222222222220
0Z2ZTTTTTITT11222TTITI111112220
0Z22TTTITITIT1Z2ZITITTITIT112220
022ZTTITTTTITITZZ2IITITTIT112220
022ZTTITITTITTITZZZITTTITT11112220
0222222222222222222222222222220
0222222222222222222222222222220
0222222222222222222222222222220
00000000000600000G00000000C0000

®S3SS3034 & HLIIM OVd INIYV3E JDILVISOUGAH

1S3 10Z2€°C aVvO0Y WIDL = SLIINS3IY TWNIL
={1)d S¥0L1IVd AYVITIIdVD

2e6eto =(I)vi3
5982°0 =(1)ISD
sitt1°0 ={I)M
let € ={1)Dd

*NOT1VY¥NITI4NOD QVd

) 3YNSSIUd INVISNOD NOWWOI = ONIQ33d

S0C6 YIAWNAN NNY

Iv-2



THE FRANKLIN INSTITUTE « Laboratories for Research and Development

F~B2015

*0 -0 *0 *0 0 *0 ‘0 0 *0 0 12 .t
19L1°0 2sL1°0 92L1I"*C 6991°0 09s1°0 $9¢1°0 €901°0 ¥T100°0 96€0°0 ‘o ‘o2 =f
“ZHGES0 T 6ZEETO T UOERETO T 0O%E"0 T ETZET0T  2¥82ZC0° T 28120 EHHTT0  €110°0 0 el =r
SSES°0 SYES°0 Y1€5°0 0%25°0 %905°0 0Z9%°0 %6£€°0 8L12°0 6501°0 0 ‘91 =r
“T6TL"D 16140~ T6TL®0 " T16TL°0 ~ 16TL"0 161L°0 119%°0 8282°0 HSET*0 *0 LY =r
1612°0 161L°0 1612°0 1612°0 161L°0 T61L°0 Zv0s°0 S81€°0 0v51°0 ‘0 91 =r
1612°0 16TL°0 ~ 161L°0 161L°0 161L°0 1612°0 S615°0 YH€E*0 £€91°0 *0 ‘g1 =r
161L°0 161L°0 161L°0 161L°0 161L°0 1612°0 §125°0 08€€°0 6591°C 0 T =f
B () O] TTeTL*0TTT T6TE*0 7 "T6TL 0 "T6TL*0 Y6TL*0 — T115°0 €2€€°0 0%91°0 T to ‘€l =
$21L°0 %01L°0 050£°0 1€69°0 1199°0 9609°0 8EL4°0 L81€°0 $651°0 0 21 =r
L6010 890L°0 €669°0 628907 88%9°0 01850 £65%°0 921¢°0 €LST*0 0 11 =r
»21L°0 %01L°0 05020 1€69°0 1299°0 9609°0 8€LY 0 181€°0 §651°0 *0 ‘01 =r
1612°0 T61L°0 T6TL°07 7 T61L°0 161L°0 161L°0 1T15°0 €2€€°0 0491°0 *0 ‘6 =
1612°0 161L°0 1612470 161L°0 161L°0 161L°0 $125°0 08€€°0 6691°0 ‘0 ‘g =r
IO YSILT0 T T YETLTU T6TL™D TeTL*0 18I0 GBIE™0 7 TyHEEt0T  €€9170° g o=
1612°0 161L°0 161L°0 161L°0 161L°0 16120 Zv05°0 S8TE°0 0%61°0 0 ‘9 =r
161270 T6TL°0 ~ TETL 0 "~ T6TL"0 ~ "16TL°O 161170 T19%°0 8282°0 4GET*0 ‘0 tg =f
$SE€S°0 SH€5°0 »1€5°0 0%25°0 $905°0 029%°0 »6€€°0 8L12°0 6501°0 0 ty =
“ZYGETD T 6ZGET0 T T OBYETO T T DOYETO" £12€°0 Z%82°0 2812°0 £441°0 €100 0 Ceg =p
19L1°0 251170 92L1°0 6991°0 095T1°0 »9€1°0 €901°0 %1L0°0 96£0°0 ‘0 ez =r
0 0 0 0 ) *0 0 TTTRYTTTT T e T TR T sr

o1 =I 6 =1 8 =l L=t 9 =1 S =1 y =1 € =I z =1 1 =1 5006 NNY

NOILNGIYLSIC 3UNSSIUd

-3



F-B2015

THE FRANKLIN INSTITUTE e Laboratories for Research and Development

0
€YLT1°0
€15€°0
62€5°0
161L°0
161L°0
161L°0
161L°0
T161L°0
211L°0
180L°0
211L0
16TL°0
61L°0
T61L°0
161L°0
161L°0
62€5°0
€1sE°0
€¥L1°0
e
0¢

*0
€TL1°0
09%€~0
6l2s*0
T61L°0
161L°0
161L°C
161L°0
161L°0
€80L°0
190L°0
€80L°0
161L°0
161L°0
16TL°0
161L°0
161L°0
sL2S°0
09%€°0
€TLT"0

- .0
61

°0
GS991°0
6GE€"0
Le1S*0
161L°C
T161L°0
161L°0
161L°0
16120
820L°0
L1690
820L*0
161L°0
1612°0
T6TL*C
161L°0
161L°0
LETS®O
66€€*0

$991°0
R B

81

°0
LO91°0
€02¢€°0
CAZA A
8809°0
6%99°0
6889°0
0869°0
1869°0
2269°0
1689°0
2269°0
1869°0
0869°0

'6889°0

6%99°0
8809°0
EA 25 Ad¢]
€02e"0
1091°0

o

L1

°0
Z8s1°0
9€Tc*0
66540
9615°0
9549°0
1LL9°0
L689°0
L169°0
9189°0
€689°0
9.89°0
L169°0
L689°0

1219°0

96499°0
96160
G65Y°0
9€1€°0
2861°0

o

91

*0
L0910

€02¢°0"

99L9°*0
8809°0
6%99°0
6889°0
0869°0
1869°0
2269°0
1689°0
2269°0
18690
0869°0

6889°0

64999°0
8809°0
949L%°0

‘€02¢e°0

*0
$991°0

T6GEE0

LETS*O
161L°0
161L°0
161L°0
161L°0C

“16tL*0

8zZoL*o
L169°0
820L°0
161L°0
161L°0
T61L°0
161L°0
161L°0
Le1S*0
6S€€°0

- §991°0

‘0
y1

NOILIN8IYLSIA IUNSS3YJ

°0
€1L1°0
09%¢°0
61260
Te1L*0
161L°0
16T1L°0
161L°0
161L°0
€80L°0
%0L°0
€80L°0
161L°0
161L°0

Te1L00

161L°0
161L°0
§L26°0
09%€°0
€1L1°0

,.O‘

€1l

*0
EYLT"O

€16€°0

62¢s°0
161L°0
161L°0
161L°0
161L°0
161L°0
211L°0
180L°0
Z1IL*0
161L°0
16TL°0

161L°0

161L°0
161L°0
62€5°0
€16e°C

CEYL1°0

*0
A

‘0
8s621°0C
LESE"O
05£5°0
161L°0
161L°0
161L°0
161L°0
161L1°0
9Z1L°0
660L°0
921L°0
161L°0
16TL°0
T61L°0
16TL°C
16TL°C
05£5°0
LESE"O
8611°0

*0

1t

‘12

5006 NNY¥

-4



F~B2015

THE FRANKLIN INSTITUTE e Laboratories for Research and Development

w o g e e .o‘,‘;;‘;.q“ do .;.xq;‘:l;..o;‘ .dNua
9%€0°0 ¥140°0 €901°0 ¥9€1°0 09s1°0 6991°0 92L1°0 26L1°0 1921°0 8611°0 ‘oz =r
TETLOT0 TERRTTU T TTZEIET0 Cw¥EZT0 ETZETD T 00%€0 06%€*0 625¢°0 ZHEE 0 LESED 6l =f
6501°0 8L12°0 Y6€€°0 029%°0 $905°0 05250 »1€5°0 SHES 0 SS€S°0 0S€$°0 ‘g1 =
$SET"0 8282°0° T19%°0 " 16TL°0°  1611°0 T61L°0 161L°0 161240 T612°0 16110 M1 =
0%ST°0 SBTE "0 2%05°0 161L°0 161L°0 161L°0 161L°0 161L°0 161L°0 161L°0 91 =
€€91°0 YHEE"0 S616°0° T I61IL°0 T T61L0 T6TL°0°  161L°0 1611°0 161L°0 161L°0 ‘gt =
6591°0 08€€°0 S125°0 1612°0 161L°0 161L°0 16TL°0 1612°0 161L°0 161L°0 ‘9T =p
0%9T*0 U EZEEC0 T TTIS'D 181L°0 T6TL*0 7 16TL*D 1612°0 ~ 161L°0 T6TL*0 " t161L*0 ‘€l =r
S651°0 LBIE°0 BELY*O 9609°0 1299°0 1€69°0 050L°0 %0120 $21L°0 9212°0 21 =r
€151°0 921€°0 €65%°0 T 018S°0 884%9°0 6289°0 £669°0 8902°0 L60L°0 660L°0 STy =r
S6S1°0 L81€°0 8ELY°0 9609°0 1299°0 1€69°0 050L°0 $012°0 $21L°0 921L°0 ‘o1 =r
0¥91°0 €2€€°0 TT16°0 7~ 16TL°0 ~  1611°0 161L°0 161L°0 161L°0 1612°0 161L°0 ‘6 =r
6591°0 08E€°0 ST125°0 161L°0 161L°0 1612°0 1612°0 161L°0 161L°0 1612°0 ‘g =r
TEEITT0" T HHEET0 G6T5™D 1610 T61L°0 " T8YL*0  Y61L*0 T 161L°0 16110 T61L°0 i o=r
0%51°0 S81€°0 2%05°0 161L°0 161L°0 161L°0 161L°0 T61L°0 161L°0 161L°0C ‘9 =r
$SET°0 8282°0 11990 " T6TL"0 ~~ 161L°0 1612°0 161L°0 T612°0 161L°0 161L°0 ‘g =r
6S01°0 8L12°0 $6€€°0 029%°0 %905°0 0%25°0 $1€5°0 SYES°0 5SES°0 0SES°0 o =
€120°0 E¥H1°0 'ZBIZ°0 Z%82°0° €12€°0 00%€°0 06%€°0 625€°0 ZY5€°0 LESE®O e =r
9S€£0°0 »100°0 £901°0 %9€1°0 0951°0 6991°0 92L1°0 2sL1°0 19L1°0 8SL1°0 2 =r
io B e Q.q lllllll lc lo 'Ol\ T UQ T T T '\ﬁq TS 'o - ) — ',o - T MAO)!:I;; T .ﬁ “q'
0€ =I 62 =1 8z =1 1z =1 92 =1 sz = vz = €2 =1 2z =1 1Z =1 5006 NNY¥

NOILNGIYLSIA IUNSSIUd



THE FRANKLIN INSTITUTE e Laboratories for Research and Development

F-B2015

0 1z =r

*0 ‘o2 =r

- o oo - 0 t61 =r
0 ‘g1 =f

‘0 0y =t

*0 ‘91 =

*0 g1 =f

X 0 ‘o1 =¢
0 s€1 =

*0 21 =

*0 17 =

‘0 s01 =

0 't =f

0 ‘g =

- T 0 sLoo=r
*0 ‘9 =r

*0 g =

0 sy o=p

*Q e =

*0 sz =r

- ST o x - o,Ox ;—A =r
=1 1€ =1 5006 NNY

NOTLNEIY¥IS 1A IYNSS3IUd

V-6



THE FRANKLIN INSTITUTE e Laboratories for Research and Development

F-B2015

0000000° T
0000000°1
g000000° 1"
0000000°1
00000001
0000000°1
0000000°T
0000000°1
0000000°T
0000000°1
0000000° 1
0000000° 1
0000000°1
0000000°1
6000000°T
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000 ™ T
o1 =1

0000000°1
00000001
00000001
0000000*1
0000000° T
0000000°1
0000000°1
0000000° 1
0000000° T
00000001
0000000°1
0000000° 1
0000000° 1
0000000°1
" 00000001
0000000° 1
0000000°1
0000000°T
0000000°1
0000000°1

© 0000000° T

6 =1

0000000°T 0000000°1
0000000°T 0000000°1
0000000°T ' 0000000°Y
0000000°T 0000000°1
0000000°T° 0000000"1
0000000°T ©0000000°1
0000000°T 0000000°T1
0000000°T 0000000°1
0000000°T " 00000060°T
0000000° T 0000000°1
0000000°T 0000000°T
0000000°T ©0000000°1

0000000°T  0000000°1
0000000°1T 0000000°1

“"0000000°T  0000000°T

0000000°1T 0000000°1
0000000°1  0000000°T
0000000°T ©0000000°1
0000000°T ~ 0000000° T
0000000°T 0000000°1

0000000 T 0000000°1

g =l L =1

0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000006°1
0000000°1
0000000°T
0000000°1
0000000°1
0000000°1

100000001

0000000°1
0000000°1
0000000°1
0000000°1
0000000°1

'0000000°1

9 =1

0000000°1
0000000°1
00000001
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
€000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0600000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1

"00000060°1

s =1

00000C0°1
000C00C° 1
0000000°1
0000000°1
0000000C° T
000000C° 1
0000000°1
000000C°1
00000060°1
000000C"° 1
0000000°1
0000000°1
000000C°1
0000000°1
000G000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000600°1
y =1

NOTLINGIWiSIQ IINVAEVIT)

000C000°1
0000000°1
0000000°T
0000000°1
0000000°1
0000000°1
060000C0°1
0G00000°1
c000000°Y
G0000G0"* 1
0000000°1
0000Cc00°1
0000000°1
0000000°1
0000000°1
0000000°1
0000C00°T
0000C00°T
0000000°1
0000000°1
0000000°1

€ =1

C00000C"1
0000000°1
0000000°T
0000000°1
0000000"1
0000000°1
000C000"1
00000001
0000000°T
00000600°1
0000000°1
0C00000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°7
0000000°1
0000000°1
0000000°1

Z =1

00c000C0*1
0000000°T
00G0000°1
ugcoogco-t
0000000°1
0000000°1
00000C0°1
00C00C0°T
0050000°1
0000000°1
00000GeC 1
0000000°1
00C0000°1
00000CO°*1
00C0000"°1
ogcoeco t
coc00G60°1
0000060°1
0GN0000°1
0000000°1
¢00000C"°1
T =1

‘1z =r
‘0z =r
‘61 =
‘81 =
LT =r
‘91 =f
ST =
51 =r
‘€1 =r
2T =r
‘1T =
‘01 =f
‘6 =r
‘g =r
‘Lo=r
‘9 =r
‘g =r
'y =
‘€ =r
‘2 =r
‘T =r
$006 NNY

V-7



THE FRANKLIN INSTITUTE e Laboratories for Research and Development

F-B2015

0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
00000001
0000000°T
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
00000C0"T
0000000°1
0000000°T
0000000°1
0000000°1
0000000°1
0000000"1
02 =1

0000000°1
0000000°1
0000000°T
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°T
0000000°1
0000000°1
0000000°1
0000000°T
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°T
0000000°1
00000001
61 =1

0000000°1
0000000°1
0000000° 1
0000000°1
00000060°T
0000000° 1
0000000° 1
0000000°1
0000000°1
0000000°1
0000000° 1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°T
0000000° 1
0000000°1
0000000°1

0000000°T

81 =1

0000000° 1
0000000°1
0000000°1
06000000°1
0000000°1
0000000°1
0000000°1
0000000° T
0000000°1
0000000°1
0000000°T
0000000° 1
0000000°1
0000000°1
00000001
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
LT =1

C000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
00600000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1

100000001

0000000°1
0000000°1
0000000°1
0000000°1
0000000°1

"0000006°T

91 =1

0000000°1
0000000°1
G000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000° 1
0000000°1
0000000°1

00000001

ST =1

000000C "1
0000000°1
0000000°1
0000000°1
000000C°1
0000000°1
0000060°1
000000G"1

7 0000000°1

0000000°1
0000000°1
0000000°T
0000000°1
G000000°1
0000000°1
0000000° T
0000000°1
0000000°1
0000000°1
0000000°1

70000000°1

b1 =1

NOTINGIYWLISIQ 3I3NVEVIT)

000000C"°1
0000000°1
0000000°1
0000000°1
0000G00"1
00000001
0000000°1
0000000°1
00000C0°1
0000000°1
0000000°1
0000000°1
00000006°1
0000G00"1
0000000°1
0000G00°1
0000000°1
0000000°1
0000000°1
0000000°T
0000000°1

€1 =1

0000000°1
0000000°T
0000000°1
0000000°1
0000000°1
0000000°1
06000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°T
0000000°1
0000000°1
0000000°1
0000000°T
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1

1t =1

0000000 Y
00nooQo "1
0000000°1
0000000°1
0000000°1
€000000°1
00000C0°1
0000000°1
0000000°1
0000000°1
0000000°1
00c00C0"1
0000000°1
0000000°1
0020000°1
0000090°1
0000000°1
ogooooce*t
0000000°1
00000C0°1
00000G0°T
11 =1

‘1z =r
s0z =r
‘61 =r
‘g1 =f
LT =1
91 =f
‘ST =l
91 =f
‘el =f
21 =r
‘11 =r
‘01 =f
‘6 =l
‘g =r
‘L =r
‘9 =f
‘s =f
y =f
¢ =r
‘2 =t
1 =r
S006 NNY

Iv-8



THE FRANKLIN INSTITUTE .« Laboratories for Research and Development

F-B2015

0000000°1
0000000°1
0000000°T
0000000°1
0000000°T
0000000°1
0000000°1
0000000°1

0000000°T

0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°T
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1

0000000°T -

oe =1

0000000°1
0000000°1
0000000°1
0000000°1
0000000°T
0000000°1
0000000°1
0000000°1
0000060°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°T
0000000° 1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1

00000001

6Z =1

0000000°T 0000000°71
0000000°T 0000000°1

0000000°T 0000000°T"

0000000°T 0000000°1
0000000°T 0000000°1
0000000°T 0000000°1
0000000°T 0000000°T
0000000°T 0000000°1

0000000°*T 0000000°1

0000000°T 0000000°1
0000000°T 0000000°1
0000000°T €000000°1
0000000°*T 0000000°1
0000000°T 0000000°T
00000001 0000000°Y
0000000°T 0000000°1
0000000°T 0000000°T
0000000°T 0000000°1
0000000°T 0000000°1
0000000°T 0000000°1
0000000 T 00000007 T
82 =1 Lz =1

0000000°1
0000000° 1
00000Q0°1
060000060°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°T
0000000°*1
0000000°1
0000000°T
0000000°1
0000000°1
0000000°1
0000000°T

9z =1

0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000*1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°T
62 =1

0000000°1
00000001
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
6000000°1
0000000° 1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
€000000°1
0000000°1
0000000° 1

0000000°1

Y2 =1

NOTINGIYLISIG 3INVYVITD

0000000°1
0000000° 1
0000000°1
0000000°1
0000000°1
£000000°1
€000000°1
0000000"1
0G600000°T
0000000°1
0000000°1
0000000°1
0000000°1
06000000°T1
0000000°1
0000000°1
0000000°1
0000000°1
00000001
0000000°1

10000000°1

€2 =1

0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
000Q000°1
0000000°1
0000000°1
0500000°1
0000000°T
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1
0000000°1

¢e =1

0000000°1
00G0000°1
0000000°1
00C0000°1
€000000°1
0000000°1
00C0060° 1
0000000°1
0000000°1
00Cc0000° T
0000000°1
0000000°1
0000000°1
0000000°1
00C0000° 1
0000000°1
00C0000°1
0000000°1
0000000°1
0000000°1
00000001
12 =1

‘1z =p
‘oz =r
161 =f
‘g1 =r
g1 =
91 =p
ST =p
ty1 =p
S€1 =r
‘21 =r
1T =r
01 =f
‘6 =p
‘g =p
s1 =p
' =p
' =
ty  =p
te =r
2 =f
ST =p
5006 NNY

V-9



THE FRANKLIN INSTITUTE e Laboratories for Research and Development

F-B2015

00000CC"1 12 =t
00000QuU0°T ‘0z =f
0000060 ° T ‘61 =r
00200C0°1 ‘81 =T
00000601 11 =¢
00C00G0°1 91 =f
000000GC°1 ‘ST =f
co000LG* T 91 =
0000000°T g1 =r
0000000°1 21 =r
c0NonNoo°1 11 =f
6000000°1 ‘01 =r
00100006°1 ‘6 =
0000003°1 ‘g =r
00000001 Lo=r
0000000°1 9 =r
oo00000°1 ‘s =f
00700C0°1 ty =
60Nn000C*1 ‘e =f
00170000°1 2 =f
0020900°1 T =f
=1 1e =1 5006 NNY

NOIINS8IYLSIA IINVHVID

IV-10



THE FRANKLIN INSTITUTE e Laboratories for Research and Development

F~B2015

€0 3ILLTH9%T°0 MO1d IVIOL €€€€°0 Vi3 10s%°0 IS2 6I1€°0 4V0O1l WISL = SLTAS3IY IYNIY

N - 20 30000021°0 20 30000021°0 ¢0 30000021°0 <0 30000021°0 ={1)d SY0LIVE AYVITILVYI ﬂu
6%0L°%% 2212°0- 662€°1~ 1Ll62°1- e Y994 °0 €202°0 99940 2z02°0 ={I)vi3 J
€S02°0- LZH%9°9T Teil*H- H9¢e€*1- LA 26l2°0 L80L°0 L80L*C [4:-Y XAd1] =(1}152 WM
H9eeT- T1€2L°H- LZ%9°9T €502°0~ L 2211°0 1211°¢C 1211°0 Z211°0 ={I)M
1L62°T- 662¢°1- 2212°0~ 6%0L°% =(Pr'1)D == 66°1 €€E°S €€ S 66°1 =(1)bd

0000000000000000000000000000000

0222222222222222222222222222220

0722222222222222222222222222220

0222222222222222222222222222220

0ZZZTTTITITITIZZZITIITTIT1112220

022ZTTTTITTTITIZZZTITTIIIT1112220

0ZZZTTTTTTITTIZZZTTTI1T11112220

0ZzZTTTITITIT12ZZITTITT111112220

0ZZZTTITTTITITIZZZTITTIT111112220

0z2zz222Z2222222222222222222220

0222222222222222222222222222220

0222222222222222222222222222220

02ZZTTTITINTITZZZTTTIITTIIT112220

0ZZZTTITTTITITIZZZITITITITITZ220

0ZZZTTTTITTITIZZZTITITTTI112220

022ZTTTTITTITTIZ2ZTITI1T1T1112220

02ZZTTTITITITTIZ2ZZIITITITITI2220

) o 0222222222222222222222222222220
0222222222222222222222222222220 ]

TT0EeEeeeeEiiizzzeizezziezIzezeen
000000000000000000000000G00G000 *NOTLVINIIINGD OVd

*NOTLVSNIdWOD A¥VTII4YI HLIK $ISSIII¥ 1TV ONIG3I34 ¥IOA¥ISIY (°WLV 000°T ) 3¥NSS3Idd INVISNOD NOWWDD = ONIQ33d

°$35S393¥ ¢ HLIM QVd ONIYV3IS I11VISOYQAH 9006 ¥3IGWON NNY




F-B2015

THE FRANKLIN INSTITUTE .« Laboratories for Research and Development

-0 - g S e ~0 0 0 Tep *0 ] o DS ¢

Iv-12

¥€0Z°0 L€02°0 zz02°0 0861°0 8881°0 60L1°0 9041°0 21010 2950°0 -0 102 =f
~IE05T0 T TOTYT0 T T6Z0% U ZI0%T0 T 9SHECO T 918E™0 15520 ZE02T6 T t601°0 0 6l =
$029°0 £029°0 0619°0 $€19°0 9866°0 £855°0 2LEY 0 1€0€°0 L091°0 0 sgT =f
»5€8°0 $%€8°0 Y¥HEE"0 T e9ER*0 ¥9€8°0 Y4€8°0 1286°0 »68€°0 0%02°0 T c07 T ar =
¥%€8°0 %4€8°0 y9€8°0 9€8°0 4€8°0 ¥9€8°0 LYE€9°0 99€4°0 11€2°0 0 t9T =f
9€8°0 »5€8°0 YHER0 “YH€8°0 y4€8°0 YHER*0 " $€59°0 086%*0 6vv2°0 *0 © tgE =
$9€8°0 Y4€8°0 Y9E8°0 ¥9€8°0 9%€8°0 99€8°0 ZL59°0 19940 564240 0 *sr =r
THHEETO  UHHERD T HHERD T TUHHEETO0 T wu€8°0 | HHEET6 T €8¥9°0 €650 T 0gweto T Tvo sgq =f
84928°0 1528°0 zzze*o SET8°0 926L1°0 S24L°0 Z%19°0 659%°0 ZE¥Z*0 *0 21 =f
8029°0 £128°0 1218°0 "€£508°0 8LLL®O 181L°0 6009°0 26€4°0 80%2°0 *0 1 =r
8428°0 1528°0 zz29°0 SE18°0 926L°0 §2%L°0 Z4¥19°0 654%°0 Ze%Z°0 0. 101 =r
YYEB"0 %5€8°0 YYER®0  HHES0  9HE8°0 H5€8°0 £6%9°0 £654°0 0842°0 ‘0 ‘6 =
Y9€8°0 y4ER°0 YHEB*0 %€8°0 94€8°0 Y9£8°0 2L59°0 1494°0 $642°0 ‘0 g =
FH€8°0°  THHEEC  THHEE 0T T HHEE D THES0 " T YHEED U HEEHT0 T 0BSH 0 eywZC0T T *0 o=
¥9E8°0 Y4€8°0 ¥%€8°0 99€8°0 Y9€8°0 Yv€8°0 L%€9°0 99€%°0 11€2°0 0 tg =
¥9€8°0 ¥4%€8°0 YHEE°0  H%EB°Q ¥%€8°0 $4€8°0 1286°0 %68€°0 0502°0 0 g =f
%029°0 2029°0 0619°0 $€19°0 9865°0 £855°0 2LEY*0 1€0€°0 L091°0 *0 ‘9 =r
160%°0 101%°0 6L0%°0 210%°0 968€°0 916€°0 1582°0 2€02°0 1601°0 *0 ¢ =f
%€0Z°0 L€0Z"0 2202°0 0861°0 8881°0 60L1°0 90%1°0 Z101°0 8550°0 ‘0 sz =r
.o - a - IO\.‘ T S .‘Orv‘:iw!‘ IX...-‘QIv.1\1 o ‘o ‘o .o T e .0 T o ..o T .o‘ T G ﬁ “-'

o1 =1 6 =1 8 =1 L =1 9 =1 s =1 v =1 € = 2 1 =1 9006 NNY

NOTILNGIYLISIAQ 3YNSS3IUd



F-B2015

THE FRANKLIN INSTITUTE « Laboratories for Research and Development

*0
OLET*0

" 06LZ®0
94140
€565°0
6$55°0
§665°0
§655°0
666670
99550
1455°0
9455°0
6655°0
65550
“GEEE™0
666G°0
655570
9414%°0
0512°0
OLET*O
B
0z =1

*0
2LET°0
1512°0
€91H°0
6565°0
§665°0
§665°0
665$°0
6666°0
1655°0
0095°0
1665°0
6666°0
6665°0
668670
§655°0
§666°0
(228 Ad1]
1612°0
ZLET"O
T ey

61 =1

*0
08€1°C
6512°0
132 6 A1)
§666°0
6665°0
§666°0
$666°0
6665°0
60L5°0
Y€L6°0
s0Lls°0
6666°0
§665°0

§556°0

§656°0
6666°0
SETY° 0
6G12°0

08€T1°0
T

~0
60%1°0
§612°0
%01%°0
$616°0
0196°0
088s°0
€965°0
68650
s109°0
6109°0
s109°0
686S°0
€965°0

08860

0L95°0
5615°0
$01%°0
§6L2°0
60%1°0

L1

LT

*0
L8%1°0
£€662°0
SEEY*O
8L%G°0
S019°0
€0%9°0
8159°0
L299°0
GL%9°0
LY%9°0
SLY9°0
1299°0
8199°0

T E0%9°0

S019°0
8L%6°0
GEEY°O
€662°0

18%T1°0

‘0
91

0
1Z91°0
9s2¢°0
888%°0
9L€9°0
SL69°0
€22L°0
Y0€L°0
¢LeL*o
1L0L°0
6869°0
110L°0
2LZL*0
%0€L°0
€22L°0
GL69°0
9LE9*0
888%°0
962¢€°0
1¢91°0
e

[ ¢

‘0
08LT°0
GE9E°0
$695°Q
Hhe8* 0
Y9eR°0
YHe8°0
Y9€8°0
H€8°0
60LL"0
LESL*O
60LL°0
YHEB* O
YH%€8°0
Y5€8°0
Y9e8°0
49£8°0C
$695°0
sE9€°0
08L1°0

“.o
b1

NOILNGIYISIC 3¥NSS3ud

*0
668T1°0
lLBe* e
8665°0
Y9€8°0
Y4%£8°0
YH€8°0
Y4€8°0
¥%€8°0
1008°0
1181°0
1008°0
%€8°0
Y4€8°0
24%€8°0
Yhe8°C
H9€8°0
8665°0
Z2L8e°0
6681°0

°0

€1

*0
L61°0
100%°0
S219°C
YH€8°0
YH€8°0
H€8°0
Y9€8°0
Y%€8°0
Y9 18°0
G908°0
Y%718°0
Y9€8°0
w9€8°0
vHhe8°0
9€8°0
ka4 3: M1
6219°0
100%°0
%L61°0

*0

2t

‘0
slacto
L9ty C
1819°C
Y9e8°C
YHE8*0
Y4€8°C
YHeR* D
H9e8°C
91Z8°0
%918°0
9128°0
%€8°C
YH€8°0
YHe8°0
YHheR* O
YheB°C
1819°0C
L9C%*0
siozZ*Q

°0

11

-
=
=r
=f
=
=f
=f
=r
=r
=
=r
=r
=r
=r
=fr
=f

9006 NNd



THE FRANKLIN INSTITUTE e Laboratories for Research and Development

F-B2015

*0
€%20°0
88%0°0
82L0°0
SE60°0
9901°0
0etl1°0
Ly11*0
62110
€601°0
9.01°0
€601°0
6211°0
LYTIT1°0
0ETIT"0
99010
$€60°0
82L0°0
88%0°0
€4920°0

*0

1]

I

°0
2050°0
0Z01*0
6%51°0
€202°0
€822°0
L6€Z2°0
0Z%e*¢C
oLe2 0
6622°0
6022°0
6622°0
0LeZ"0
0Z4%2°0
L6€2°0
€822°0
€202°0
6991°0
0201°0
20s0°0

*0

62

1

‘0
0LL0°0
06S1°0
96%2°0
2Z%€°0
6%Le°0
€98€°0
Sl8€°0
s8l€°0
69%€°0
99ee*0
69%¢°Q
68l€°0
SL8E* 0
€98€°0
6%L€°0
Zye*0
Y64%2°0
06S1°0
oLL0*0

*0

8¢

I

*0
Z101°0
$212°0
L6vE" O
§865°0
§666°0
§465°0
$656°0
666S5°0
€654 0
£yey° 0
€65%°0
6656°0
§56%°0
6666°0
6566°0
§995°0
L6YE°0
%212°0
¢1ot°o

“eg
Lz =1

“0
9LTIT°0
IEHZ°0
ZlBE*Q
GG666°0
6666°0
6666°0
56585°0
6666°0
$806°0
026%°0
$806°0
6666°0
66660
66565°0
6966°0
6GG66°0
ZL8E"0
EHZ0
9LTIT°0

*0

9c

I

‘0o
ZLZ1°0
6652°0
920%°0
6865°0
$666°0
$656°0
6595°0
6656°0
S1€6°0
22250
S1€S°0
§66S°0
§666°0
§966°0
666S°0
GG86S°0
920%°0
6662°0
2L21°0
’ 0

T4

1

0
€2E1°0
189Z°C
%60%°0
§666°0
§695°0
§665°0
6665°0
§685°0
92950
Yles*0
9ZHs°C
§966°0
9665°0
§666°0
§585°0
§665°0
%60%°0
1892°0
€Ce1*0
g
k24

NOILNBIYWLISIO 3¥NSSIUd

1

*c
0G€T*0
12120
S214%°0
6666°0
§556°0
6665°0
6666°0
§665°0
08%5°*0
0s%s°0
[01:2 4 2g]
$565°0
§666°0
§655°0
§666°0
$6965°0
G21%°0
12120
0se1°0

°0

€c

1

]
Z9€1°0
0%L2°0
6ETY°0
$666°0
§665°0
§665°0
§666°0
6666°0
80SS*0
884G6°0
8065°0
65665°0
6665°0
§569°0
$655°0
6665°0
6eT»°0
0%L2°0
Z9€T1°0

°0

[44

1

*0
B9¢T1"C
8%LC°C
SH%1%*0
G6G6° 0
$666°0
§666°0
§666°0
6566°0
6266°C
£156°C
§265°0
6566°0
§665°0
§66S6°C
§656°0
§6659°0
SHY1%°0
8%L2°C
89¢1°0

)

12

=f

v-14



THE FRANKLIN INSTITUTE e Laboratories for Research and Development

F-B2015

NOILNGTIY¥LISIA 3¥NSS3Yd

*0 12 =r
°0 0z =r
*0 61 =r
*0 81 =r
Y 11 =r
"0 91 =p
] ‘Gl =r
Y tH1 =¢
*0 SET =r
°0 21 =r
°0 11 =f
*0 01 =r
*0 ‘6 =r
‘0 ‘g =r
"0 1 =p
"0 9 =p
*0 ‘s =r
0 by =
*0 ‘e =r
°0 82 =r
‘0 1 =r

e =1 9006 NOY

Iv-15




THE FRANKLIN INSTITUTE e Laboratories for Research and Development

F~B2015

0000008°0
0000008 °0
- '0000008°0"
0000008°0
0000008°0
0000008 °0
0000008 °0
0000008 °0
0000008°0°
0000008°0
0000008°0
0000008°0
0000008°0
0000008°0
1 0U00008 0"
0000008°0
0000008°0
0000008°0
0000008°0
0000008 °0
000000870 ¢
01 =1

L99999L "0 €EEEEEL"O
L99999L°0 €€E€ECEL"O
L999991°0  €€E€EEEL* 0
L99999L°0 €EEeLEEl O

L99999L°0 €EEELEl"0"

LI9IIIL°0 EEEEEEL"O
L99999L°0 €eEeEEl*0
L99999L°0 €EEEEEL 0
19999910 €€E€eECL®0
199999L°0 €ELEEEEL"O
L99999L°0 €e€LeEL 0
L99999L°0 EEEEEEL O
L99999L"0 €E£ECLEEL®0
L99999L°0 €EEEEELO

L99999L°0 €eeeEel 0
L99999L°0 €ELeELel™0
L99999L°0 €EEEEEL"O
199999L°0 EEEEEEL"0
L99999L°0 €eELEEl" 0

T99999L™0 TEEEEEELTU U00000L™0 1999999°0 EECEeey™0 0000009°0

o“u— 8 =1

000000L*0 £999999°0
000000L°0 [999999°0
000000L°0 29999990
000000L°0 L999999°0
000000L°0 1999999°0
000000L°0 1999999°0
000000L°0 L999999°0
000000L°0 L1999999°0
"~ 000000L°0 7 1999999°0
000000L°0 L999999°0
000000L°0 L999999°0
000000L°0 L999999°0
‘000000L°0 '1999999°0
000000L°0 1999999°0

TL99999L°0 TEEEEEEIY0  000000L°0 199939970

000000L°0 1999999°0
" 000000L°0 '1999999°0
000000L°0 1999999°0
000000L°0 " 1999999°0
000000L°0 L999999°0

SETL R

NOILNBIWISIC IINVYEVITD

EEEEELED"0 0000009°0 1999995°0 E€EECEES°0 0000005°0 12 =r
€EEEEEI°0  0000009°0 1999995°0 EEEEEES0  0000005°0 402 =f
CEEEEEY"0 0000009°0  LI99995°0 EEEEEES 0 T0000006°0 ‘61 =f
ECEEEEI°0 0000009°0 L999995°0 EEEEEES 0 000000570 ‘81 =
ECEEEEI*0  0000009°0 1999996°0 EEEEEES*0 0000005 °0 LT =0
CEEEEEI°0  0000009°0 L1999995°0 EEEEEESC 0000005°0 ‘91 =f
€EEEEEI°0 0000009°0 L999996°0 EEEEEES™0 0000006°0 ST =0
€EEEEEI°0  0000009°0 L999996°0 EEEEEES0  0000006°0 ‘o1 =f
€ECEEEEI*0 0000009°0 L99999S°0 EEEEEES"O  0000005°0 ‘€1 =
€EEEEET0 0000009°0 L99999G°0 EEEEEES 0 000000S°0 ‘21 =p
EEEECEI"0 0000009°0 1999995°0 EEEEEES"0 0000005°0 1T =r
€EEEEE9°0 0000009°0 L999995°0 €EEEEESC 0000005 °0 01 =P
ECEECE*0 0000009°0  L999995°0 EEEEEES*0 0000006 *0 ‘%6 =f
ECECEEET°0  0000009°0 1999995°0 EEECEEES*0 0000005°0 ‘g =p
T EEEEEETT0 T 00000090  L999995°0  €€E€EEES*0 000000S5°0 Lo=r
EEEEEET°0 0000009°0 L1999995°0 E£EEEEES*0 0000005 °0 ‘9 =
EEEEEET"0 0000009°0 L99999S°0 EEEEEES0 0000005°0 5 =
EEEEEED°0 0000009°0 L999996°0 €EEEEES 0 0000005°0 sy up
ECEEEET*0  0000009°0  L999995°0 EEEEEES"0 0000005°0 ‘e =
EEEEEET°0  0000009°0 1999996°0 EEEEEES°0  0000005°0  *ZT  =f
199999670 €EEEEEST0 0000005°0 UL =f
s =1 v =1 € =1 2 =1 1 =1 9006 NNY

v-16




THE FRANKLIN INSTITUTE .« Laboratories for Research and Development

F-B2015

EEEEEET T
€EEEEEl T
EEEEEET T
EEECEET T
EEEEEET T
CEEEEET" T
EECEEET T
EEEeeeT 1

EEEECET T

EEEEEET T
CEECECET T
EEECEET T
EEEECET T
ceeceel 1
EECEEET T
ceeeeel”1
EEEECET T
EEECEET T
EEECEET T
EEECEET T
EECEEET T

0 =1

0000001°1
0000001°1
0000001°1
0000001 "1
0000001°1
0000001°1
0000001 °1
0000001 "1

© 00000011

0000001 °1
0000001 °1
0000001 °1
0000001 °1
0000001 °1
0000001 °1
0000001 °1
0000001°1
0000001°1
00000011
0000001 °1
000000T°1
61 =1

L999990°T <€E€E€EE€0°T 0000000°1
1999990°T ¢€€€€€€0°1 0000000°1
L999990°T €Leee€e0”T 0000000°1
L999990°T €E£€EEE0°T 0000000°1
L999990°T ¢€EeEEE0°T 0000000°1
L999990°T ¢€eeeee0°T 0000000°1
1999990°T ¢€e€€€€E0*T 0000000°1
L999990°1 €£e€ee€0°t 0000000°1
TL9999906°T  €€L€€e0°T 0000000°1
L999990°1 ¢€e€ee€0°T 0000000°T
L999990°T ¢€eeeee0°T 0000000°1
1999990°1 €€ee€e0°1l 0000000°1
1999990°T ¢€e€€€€€0°T 0000000°1
L999990°1T ¢€€e€€c0°1 0000000°1
TL999990°*T TEEEEEEL*T T 000000071
L999990°T €E€EEE0T 0000000°1
1999990°1 €eeeeec0°T 0000000°1
1999990°1 ¢€€e€ee0°1 0000000°1
1999990°T €ge€ec0°T 0000000°1
1999990°T ¢€€€e€ec0*1l 0000000°1
1999990°T  €E€€€E€0°T ©000000°1

8T =1 LT =1 91 =1

L999996°0 €ELEEE6°0
L999996°0 €EELEEE6°0

1999996°0 €EEEEE6°0

L999996°0 E€EEEEE6 O
L999996°0 ELEEEE6°O
L999996°0 EEEEEE6°0
L999996°0 €EECEEE6°0
L999996°0 €EEEEE6 0
L999996°0  €EEEEE6°0
L999996°0 €EELEE6°0
L999996°0 EEEEEE6*O
L999996°0 CEELEEE6°C
L999996°0 €€€EEE6°D
L999996°0 €€LEEE6°0
L999996°0 teeece6o
L999996°0 €EEEEEE"0
L999996°0 EEEEEE6°0
L999996°0 ELEECE6’O
L999996°0 E€EEEEE6°0
L999996°0 EELEEEE6"O

1999996°0 €E€EEE6°0
sl =1 YT =1

NOTLINAIYLSIA IINVYVIID

0000006°0
0000006°0
00000606°0
0000006°0
0000006°0
0000006°0
0000006°0
0000006°0
0000006°0
0000006°0
0000006°0
00000060
0000006°0
0000006°0
0000006°0
0000006°0
0000006°0
0000006°0
0000006°0
0000006°0
0000006°0
€T =1

19999980
L999998°0

11999998°0

1999998°0
1999998°0
19999980
1999998°0
1999998°0
1999998°0
1999998°0
1999998°0
1999998°0
1999998 °C
£999998°0

11999998°0

1L999998°0
1999998°0
1999998°0
1999998°0
L999998°0

$1999998°0

2t =1

£eEeeeEs 0
€EECEESO
EEEEEEB O
EECEEEB®O
CEEEEEB*O0
EEELEEBO
CEEEEESO
EEEEEEB"O
€EECEE8” 0
E€ECECEB O
€eEEEE8*0
EEELEECBO
CEECEEEB O
geeece8* o
EEEEEEB®O
€EEEEEB" 0
EEEEEE80
€eeeee8 0
CEELEEEBO
EEEEELB°C
EEEEELB 0
Il =1

12 =r
‘02 =r
‘et =f
‘g1 =f
1y =r
‘91 =r
61 =r
‘o1 =r
‘€T =r
‘21 =r
‘11 =r
‘o1 =r
‘6 =r
‘g =r
‘o=r
‘9 =
‘g =r
‘v o=r
‘e =r
‘2 =r
‘1=
9006 NNY

Iv-17




THE FRANKLIN INSTITUTE e Laboratories for Research and Development

F~B2015

L99999%°1 <cEEeLeEeH 1
199999%°1 ¢ceeeeev 1

L99999H°T " EEEEREH T

L99999%°1T ¢€ceeeey° 1
19999991 e€eeeeeyr 1
19999991 ¢ceeeeey° 1
L99999%°1 geeeeey 1
L99999%°T egeeeey°1

19999991 EEEEEER°1

19999941 €Ceeeey 1
199999%°1 €Eeeeed° 1
199999%°1 ¢ceeeeey° 1
L99999%°1 €Leeeedr”1
19999941 ¢ceeeeey 1

‘L99999% T T ECEEEEY T

L99999%°T ¢ceeecey° 1
L99999%°T €ELEEEED"T
199999%°1 ceeeeey 1
L99999%°T €EEeeeEH° 1
L99999%°T ¢ceeeeer 1

000000%°*T 199999¢€°1
000000%°T 199999¢°1
000000%"°1 " [99999¢° T
000000%°T 199999¢°1
000000%°T 199999¢°1
000000%°T 199999¢€°1
000000%°T 199999¢°1
000000%°T L99999¢€°1
“000000% T 199999¢€* 1
000000%°1 199999¢°1
000000%°T 199999¢°1
000000%°T 199999¢°1
000000%°T  199999¢€°T
000000%°1T L199999€°1
“000000%* T 19999%¢° T
000000%°T 199999¢°1
000000%"T "~ [99999¢€°1
000000%°T 199999¢€°1
000000%"1T ~ 199999¢"1
000000%°T L99999¢°1

€eeeeEEe” 1
ceeeecee’l

eeEecee”

EEEEEEE"T
ECEECEE"T
EELEEEE"T
€ceeeeel
geeeeee”l

ceeecee 1

€eceeee 1
cEEeEeeE"1
ceeeeee”1
ceeeeee’ 1
CECEEEE T

SeeeceeecT

geeeeee”t
€eCEEEE"T
geeeeee”l
EEEEEEE T
ceeceee°t

000000¢c"1
000000€°1
000000€°1
000000 "1
000000€°1
000000€°1
000000€°1
000000€°1
000000€°1
000000€°1
000000€°1
000000€ "1
000000€°1
000000€°1

000000¢™1

000000€ "1
000000€° 1
0000Q0€"1
000000c°1
000000€°1

L99999%"1 "EEECLEEH™ T  000000% T L[99999¢~ 1T "¢cE€eceeec T GO0UO0O0E™T

oe =I 62 =1

8Z =1

Lz =1

92 =1

s =1

1L999992°1
L999992°1
" 1999992°1
1999992°1
L999992°1
L99999¢2°1
1999992°1
199999¢°1
" 1999992°1
19999921
1999992°1
19999921
L999992°1
1999992°1
©1999992°1
1999992°1
1999992°1
199999¢°1
L9999%2°1
L999992°1

T I19999%2°T

%2 =1

NOILINSIY1SIA IINVYVITID

EEEEEET T
ceeeeec 1
geLeEeee 1
CEEEEEZ T
ceeeeel l
geeceel 1
€eeEeEee°1
CEEECEZ"T
EEEEEET T
CECEEET" T
ceeeeel 1
£eeEeEeE 1
€EEEEEL T
ceeeeed
geeeeeet
EELECET T
ceeeee 1
EECEEEET T
ceceeed t
£eEeEEeEC 1

ceeeeed
€2 =1

0000002"°1
0000002°1

0000002

0000002°1
0000002°T1
000000¢°1
0000002°1
0000002°1
0000002°1
0000002°1
0000002°1
0000002°1
0000002°1
0000002°1
0000002°1
0000002°1
0000002°1
0000002°1
0000002°1
0000002°1

¢z =1

'0000002°1T

L999991°1
L999991°1

19999911

L999991°1
1999991°1
L99999T1°1
L999991°1
L999951°1
L999991°1
1999991°1
L999991°1
L999991°1
L999991°1
L999991°1
1999991 °1
L999991°1
L999991°1
L999991°1
L99999T1"°1
L999991°1

L999991°1

1¢ =1

‘12 =
‘02 =f
‘61 =
gy ==
LY =
91 =f
61 =f
-*w.m =
el =
21 =r
‘11 =r
‘0T =r
‘e =f
‘g =
L =t
‘9 =f
s =r
y =
‘e =r
2 =
1 =r
9006 NN

v-18



THE FRANKLIN INSTITUTE e Laboratories for Research and Development

F~B2015

NOTINGIVLISIO 3INVHVIT)

1

006¢00Cs 1
005000s°1
000000s°1
00000061
00Nn0006°1
000000S8°1
0000CNe*1
00000051
0020006 °1
00000Cs°1
00no0Cs° 1
00000CSs 1
0050006°1
ogroogs-t
000000GS°T
0000005 °1
00000061
00450006 °1
00000Cs "1
0000008 "1
0CcooCcs 1
Te =1

‘1e

=r
=r
=f
=r
=¢

9006 NNY

V=19




